Objective: The hemoglobin, albumin, lymphocyte, and platelet (HALP) score has been shown to be an important prognostic marker in some tumor types. The aim of this study was to evaluate the prognostic impact of the preoperative HALP score, with the intent to develop a new prognostic index for patients with metastatic prostate cancer (mPCA) after cytoreductive radical prostatectomy (cRP). Methods: We retrospectively analyzed the data from 82 patients with mPCA after cRP in our institution. Of these patients, 70 patients were diagnosed with oligometastatic prostate cancer (oPCA). The main outcome measure was prostate-specific antigen (PSA) progression-free survival (PFS), which was assessed using Kaplan-Meier curves with log-rank statistics. In addition, univariate and multivariate Cox regression analyses were performed to determine the prognostic factors associated with PSA-PFS. The prediction accuracy was evaluated by assessing the area under the receiver operating characteristic (AUC) curve. Results: The median follow-up time for all patients was 17.47 months (range: 11.73-24.38 months). Based on the Kaplan-Meier curve analysis, it was noticed that a low preoperative HALP value (<32.4) was significantly associated with a decreased PSA-PFS in both the mPCA and oPCA subgroups (P < 0.001, P = 0.002, respectively). In addition, multivariate analysis predicted that a low HALP score was a common independent prognostic factor of an overall shorter PSA-PFS (HR: 0.352; range: 0.154-0.804; P = 0.013). However, among the different subgroups, a low HALP score (HR: 0.275; range: 0.116-0.653; P = 0.003) was confirmed to be an independent predictor of a shorter PSA-PFS in patients from the oPCA subgroup. Furthermore, the effective combination of the pathologic Gleason score (PGS) and the HALP score (HALPG) as a new index was found to be an independent risk factor. Also, the AUC of the HALPG score for PSA-PFS was observed to be higher than other conventional clinical indices. Conclusion: Overall, our results confirmed the HALP score as an independent prognostic factor for PSA-PFS in patients with mPCA or oPCA after cRP. Moreover, the new index, HALPG, also appeared to be an independent prognostic factor and was better than the HALP score. Importantly, it is evident that this new prognostic index has the ability to accurately identify patients at low, intermediate, and high risk of recurrence, thus easily allowing informed treatment decisions to be made.
Introduction
Prostate cancer is the most prevalent malignancy affecting men in the USA, with an estimated 164,690 new diagnoses and 29,430 deaths expected this year [1] . Androgen deprivation therapy (ADT) has long been used as a cornerstone for the treatment of prostate cancer, especially local high-risk and metastatic prostate cancer (mPCA) [2, 3] . Recently, with the use of additional innovative approaches, efforts have been made to improve the prognosis and quality of life of these cancer patients. For instance, cytoreductive radical prostatectomy (cRP) in patients with mPCA, especially in those with oligometastatic prostate cancer (oPCA), which is defined as the transitional state between localized disease and its widespread metastasis as well as the number of metastases ≤ 5, has been performed [4] [5] [6] . Typically, mPCA is a high-risk, fatal disease, with a varied prognosis; for example, a 5-year survival of 100% for patients with localized disease has been reported, while it was only 28% in patients diagnosed with distant metastasized disease [7, 8] . Therefore, it is essential to find biomarkers that can guide and help to stratify mPCA patients for specific treatment decisions and predicting the prognosis.
Cancer progression and its metastasis are not only dependent on the type of tumor cells, but nutrition and immunity also play an important role in these processes [9] . Inflammatory cells and immune responses have consistently been recognized as important factors in the prognosis of cancer [10, 11] . Previous studies have reported that peripheral blood cells, including neutrophils, lymphocytes, platelets, and monocytes, can promote tumor proliferation, invasion, and metastasis [12, 13] . Thus, based on this evidence, many combinations of inflammatory indices such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and the systemic immune-inflammation index [(platelet × neutrophil)/ lymphocyte] have been used to predict the PCA prognosis [14] [15] [16] . In parallel, the nutritional status of cancer patients also has been indicated as an important parameter affecting survival outcomes, including hemoglobin, albumin levels, and other nutrition indices [17] [18] [19] [20] . Recent studies have identified a new inflammation index called HALP, comprised of hemoglobin, albumin, lymphocytes, and platelets, which has proven to be a good prognostic indicator in gastric, colorectal, renal, and bladder cancers [21] [22] [23] [24] . However, to the best of our knowledge, no studies have been performed to assess the HALP score as a predictive marker of prognosis for patients diagnosed with mPCA. Thus, the aim of this study was to investigate the prognostic role of the HALP score and also to develop a new prognostic model for mPCA patients after cRP.
Materials and Methods

Patient selection
This current study was approved by the Institutional Review Board of Shanghai Tenth People's Hospital, and all patients provided written informed consent. A total of 82 patients with mPCA who underwent surgery at the Urology Department, Shanghai Tenth People's Hospital, between 2013 and 2017, were included in our analyses. The clinical and pathological features mainly included age, serum prostate-specific antigen (PSA) levels, blood cell counts, and pathologic Gleason score (PGS). All blood samples were collected within a week prior to surgery, and patients underwent computed tomography, magnetic resonance imaging, emission computed tomography, and pathological biopsy before surgery for mPCA through a multidisciplinary team discussion. The postoperative pathological results were reported as adenocarcinoma. The patients were excluded from our study if there was incomplete clinical data, there was no follow-up, they did not have a cRP, or they had a nonmetastatic prostate cancer diagnosis.
Follow-up and evaluation
The patients were followed up after the cRP every 3 months for up to 2 years, then every 6 months for another 3 years, and yearly thereafter. Postoperative investigations primarily included measurement of the serum concentrations of PSA, testosterone, glucose, and alkaline phosphatase. Missing survival data were obtained by telephone contact. No routine imaging studies were performed, unless the serum PSA levels increased to more than 5 ng/mL or other clinical symptoms were identified. The study endpoints were PSA progression-free survival (PSA-PFS). Due to the small number of deaths, we could not evaluate overall survival as an end point. PSA progression was defined as three consecutive increases in PSA levels within 1 week apart, resulting in two 50% increases over the nadir, and PSA levels of >2 ng/mL. PSA-PFS was defined as the time from the initiation of ADT to the first evidence of biochemical progression. The HALP score was calculated as hemoglobin (g/L) × albumin (g/L) levels × lymphocyte count (/L)/platelet count (/L), with the platelet-lymphocyte ratio (PLR) as the platelet count divided by the lymphocyte count and the neutrophil-lymphocyte ratio (NLR) as the neutrophil count divided by the lymphocyte count.
Statistical analysis
X-tile software v3.6.1 (Yale University) was used to determine the optimal cutoff values of the NLR, PLR, and HALP score [25] ; and SPSS v24.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. The medians and interquartile ranges (IQRs) were assessed for continuous variables, while frequencies and proportions are reported for categorical variables. The association between the clinicopathological data and the HALP score was evaluated by the chi-squared and Mann-Whitney U tests. The correlations with PSA-PFS were assessed using Kaplan-Meier curves with log-rank statistics. Furthermore, univariate and multivariate Cox regression analyses were used to calculate the respective hazard ratios (HRs) and 95% confidence intervals (CIs). Only factors determined to be significant according to the univariate analyses were subsequently included in the multivariate analyses. Receiver operating characteristics (ROC) curves were used to define sensitivity and specificity, and the differences in the areas under the curve (AUC) were detected using MedCalc, version 15.2.0 (MedCalc software). For all analyses, a P value of < 0.05 was considered statistically significant. Table 1 .
Results
Patient
Based on the results obtained using X-tile software, the following cutoff values were observed: 32.4 for HALP, 191.8 for PLR, and 2.9 for NLR ( Figure  1 ). Subsequently, 82 patients were divided into low-HALP (n = 18, 22%) and high-HALP (n = 64, 78%) groups. Moreover, the PGS, American Society of Anesthesiologists (ASA), NLR, and PLR were determined to be associated with a low HALP score ( Table 2) . PSA, prostate-specific antigen; IQR, interquartile range; pT-stage, pathological T staging; pN-stage, pathological lymph node status; ADT, androgen-deprivation therapy; ASA, American Society of Anesthesiologists; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; HALP, hemoglobin, albumin, lymphocyte, and platelet score; PSA-PFS, prostate-specific antigen progression-free survival.
Predicting the role of the HALP score in mPCA patients after cRP
Next, we observed that PSA progression occurred in 26 of the 82 patients (31.7%); and among these, 12 were from the low-HALP group (66.7%) and another 14 belonged to the high-HALP group (21.9%). The patients in the high-HALP group had higher 2-year PSA-PFS rates than those in the low-HALP group (72.3% vs. 26.7%). In addition, Kaplan-Meier analysis indicated that a low HALP score, along with high NLR and PLR values, was associated with a shorter PSA-PFS in mPCA (log-rank test P < 0.001, P = 0.001, and P = 0.019, respectively) and oPCA (P = 0.002, P = 0.015, and P = 0.037, respectively; Figure 2 ) patients. Also, the patients in the mPCA group showed age (P = 0.037), PGS (P = 0.006), NLR (P = 0.023), PLR (P = 0.002), and HALP score (P =0.001) as significant predictors in the prognosis of PSA-PFS, by univariate analysis. Similarly, in the oPCA subgroup, the HALP score (P = 0.003) displayed important prognostic significance. Furthermore, multivariate analysis also indicated the HALP score (P = 0.013) as an independent predictor of mPCA, along with PGS (P = 0.038). Similarly, the HALP score was also confirmed as an independent prognostic factor in oPCA patients (P = 0.003). Moreover, a low HALP (HR = 0.352, 95% CI: 0.154-0.804, P = 0.013) was only identified as a significant predictor for PSA-PFS of mPCA, while NLR and PLR did not show predictive value (Table 3 -Table 4 ). Overall, our data indicated that the preoperative HALP score is an independent predictor of PFS in patients with mPCA or oPCA after cRP. 
Creation of the HALPG value as a new prognostic model index
Based on the multivariate analysis, PGS was identified as an important predictor, in addition to the HALP score. Thus, we combined PGS and the HALP score (HALPG) to construct a new index for prognostic prediction. The HALPG score is defined as follows: HALPG = 1 (HALP < 32.4 and PGS > 7; high risk), HALPG = 2 (HALP < 32.4 and PGS ≤ 7 or HALP ≥ 32.4 and PGS > 7; intermediate risk), HALPG = 3 (HALP ≥ 32.4 and PGS ≤ 7; low risk). According to the HALPG score, 16 patients were classified into group 1, 51 patients in group 2, and another 15 patients in group 3. Further univariate analysis based on the HALPG score demonstrated that a low HALPG score was a poor predictor of PSA-PFS prognosis based on the log-rank test (Figure 3 ). Multivariate analysis confirmed the HALPG score as an independent risk predictor for PSA-PFS in patients with mPCA or oPCA after cRP (HR = 0.270, 95% CI: 0.138-0.529, P < 0.001, HR = 0.488, 95% CI: 0.314-0.759, P = 0.001) ( Table 5 ). In addition, the discriminatory abilities of inflammation-based prognostic scores and clinical indices were also compared by AUC analysis for PSA-PFS in mPCA or oPCA patients (Figure 4) . The AUC values for the HALPG score were 0.744 (95% CI: 0.636-0.834) and 0.72 (95% CI: 0.600-0.821) in mPCA and oPCA patients, respectively, and the AUC was the strongest factor among other indices such as HALP, PGS, NLR, PLR, positive margin (Table 7,  Table 6 , Table 8 ) for predicting recurrence in mPCA patients. Overall, our data demonstrated that the HALPG and HALP scores have higher prediction accuracy than other related indices in the PFS of mPCA and oPCA. However, the HALPG score appeared to be a better independent predictive factor than the HALP score for PFS in both mPCA and oPCA. Moreover, the HALPG score was also noticed to be better at risk stratification and predicting the prognosis of mPCA patients. 
0.001
HR, hazard ratio; CI: confidence interval; PSA, prostate-specific antigen; BMI, body mass index; pT-stage, pathological T staging; pN-stage, pathological lymph node status; ADT, androgen-deprivation therapy; ASA, American Society of Anesthesiologists; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; HALP, hemoglobin, albumin, lymphocyte, and platelet score; HALPG, combination of the pathologic Gleason score and the HALP score. AUC, area under the curve; SE, standard error; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; HALP, hemoglobin, albumin, lymphocyte, and platelet score; HALPG, combination of the pathologic Gleason score and the HALP score. AUC, area under the curve; SE, standard error; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; HALP, hemoglobin, albumin, lymphocyte, and platelet score; HALPG, combination of the pathologic Gleason score and the HALP score.
Discussion
In this study, we assessed the ability of the novel index HALP in mPCA. It was observed to be not only significantly associated with the mPCA prognosis but also with some other clinicopathological features such as PGS, ASA, NLR, and PLR. More specifically, a low HALP score showed a significant association with tumor progression and appeared to be an unfavorable risk factor for both the mPCA and oPCA patient subgroups. Furthermore, the combination of PGS and the HALP score enabled us to create a new prognostic index, HALPG, which was observed to be an independent risk factor for PSA-PFS in mPCA patients. Consequently, we hypothesized that the predictive significance of the HALPG score would help clinicians to identify high-risk patients in a timely manner with more accuracy as well as to provide reasonable treatment options, postoperatively. The role of nutrition and immunity in predicting the prognosis of cancer patients has recently gained attention [26, 27] . The tumor itself seems to be a chronic consumption disease, especially advanced tumors, and the level of hemoglobin has been observed to be significantly related to survival and tumor progression in cancer patients [28] . In their systematic review, Caro et. al. [20] emphasized anemia as being an independent prognostic factor for cancer patients and identified that the risk of death associated with anemia in prostate cancer patients increased by 47%. Moreover, the serum albumin level acts as a simple surrogate for assessing protein levels and is an indicator of the nutritional status. The literature supports the hypothesis that the serum albumin level is significantly correlated with cancer survival [19, 29] . Furthermore, Sejima et. al. [30] have demonstrated that preoperative hypoalbuminemia may lead to the spread of localized prostate cancer and be associated with biochemical recurrence. In addition, other studies have reported that the tumor microenvironment is mainly regulated by inflammatory cells, which indispensably contribute to tumor progression [12, 31] . For instance, platelets have been shown to interact with tumor cells and promote their survival and metastasis through different mechanisms. By accumulating platelets, tumor cells can escape the human immune system. Other studies have indicated that platelets protect tumors from tumor necrosis factor-α (TNF-α)-mediated cytotoxicity and the high shear forces that may potentially damage them in flowing blood [32, 33] . Additionally, lymphopenia, which is quite common in patients with advanced cancer, is an independent prognostic factor for overall and progression-free survival in cancer patients [34] , probably because by releasing certain cytokines, like interferon-γ and TNF-α, lymphocytes can effectively control tumors and improve the prognosis of patients with different cancers [11] . Based on these different observations, it was evident that hemoglobin, albumin, and lymphocytes can be favorable risk factors; while platelets may be an unfavorable risk factor. In this context, our results showed that the HALP score is significantly associated with mPCA prognosis and that a low HALP score predicts a poor clinical outcome.
In the present study, besides the HALP score, we also examined the predictive value of other indices like NLR and PLR, which have been widely studied in prostate cancer patients. Previous studies have reported in detail that high NLR and PLR values are significantly associated with a poor prognosis in prostate cancer patients [15, 16] . However, by multivariate analysis, our study identified that both of these two indices had no statistically significant association and that the predictive ability of the HALP score was indeed higher than those of NLR and PLR. The significant association of the PGS with the biochemical progression and long-term survival of prostate cancer patients also has been reported [35] . Consistent with these findings, we also observed that a high PGS is an independent risk factor for a decreased PSA-PFS. Thus, by combining the PGS with the HALP score, we created a new index, HALPG, which expectedly showed a better prognostic significance in PSA-PFS than either the HALP score or PGS alone. This result led us to hypothesize that a low HALPG score may not only be negatively correlated with the prognosis of mPCA or oPCA after cRP, but it is also better than the other indices reported previously. Importantly, more recently, some new techniques such as genetic testing and fluid biopsy have started to emerge. These methods appear to improve the accuracy of mPCA prognosis, but they have some disadvantages such as a relatively high cost and time-consuming analysis; moreover, most of them are still in clinical trials. Therefore, as a fast, accurate, and low-cost biomarker, the HALPG score can help us to predict postoperative recurrence and to make conclusive decisions on the precise treatment option for mPCA patients, including the choice of adjuvant therapy and follow-up arrangements. According to our analysis, the low HALPG score group had the worst outcome. Thus, in this group of patients, more powerful adjuvant therapy can be used to prevent postoperative recurrence, leading to a prolonged survival. Also, these patients at high risk for cancer recurrence should be followed more frequently after surgery to select the appropriate treatment option.
However, it is important to recognize some limitations of our study. First, as our study is retrospective in nature and the data are from patients treated with a single treatment, our results have the potential to be biased in terms of the population choice. Second, our data sample is small. Third, the follow-up time was also relatively short. Thus, these limitations can potentially limit the accuracy of our results. Therefore, the ability and accuracy of the HALP and HALPG scores in predicting the prognosis of mPCA patients should be further validated by including additional prospective, multicenter studies.
Conclusion
In summary, our results suggest that the preoperative HALP score can be a valid prognostic index for patients with mPCA. In addition, the combination of the PGS and the HALP score as a new index, HALPG, seems to be an independent risk factor for PSA-PFS in mPCA patients. Similarly, both of these indices also can be applied in oPCA patients. Finally, these indices have the ability to stratify risk and guide treatment options for postoperative mPCA patients.
